The content of the phosphorus fractions in bacillus spores reveal a marked difference in the quantity of residue phosphorus (Fitz-James and Young, 1959) . In particular, the spores of two strains of Bacillus megaterium contained a residue phosphorus of over 1 per cent of the dry weight whereas in another strain it was essentially nil. This residue fraction remaining after a modified Schmidt and Thamnhauer extraction procedure (Fitz-James, 1955 ) is composed of spore coats, membranes, and some undigested acid-precipitated protein. Removal of the protein from these residues by re-extraction with alkali and of cell wall components by digestion with lysozyme did not alter the phosphorus content of the residue (Fitz-James, 1955) . It thus appears that the phosphorus is associated with some insoluble component of the spore coats. This structural comparison of spores of strains of B. megaterium revealed that a high content of residue phosphorus is associated with the presence of a heavy outer spore coat and that this extra layer influences the behavior of the spores to staining procedures.
MATERIALS AND METHODS
The strains of B. megaterium used, including Bacillus 350, have been described (Fitz-James and Young, 1959) .
Fixation and embedding for electron microscopy. Spores were suspended overnight in 1 per cent osmium (at 2 to 4 C) then held in the fixative for 1 hr at 37 C. Washed, fixed spores were dehydrated with ethanol and methacrylate, impregnated by standard procedures, then worked into prepolymerized butyl and methyl methacrylates (10: 1) and polymerized by 4 to 6 hr exposure to ultraviolet light (Hanovia, Slough, England). When thoroughly hardened, gray to silver colored sections were cut with glass knives in a PorterBlum microtome onto either acetone water, 0.5 per cent lanthanum nitrate, or 1 per cent phosphotungstic acid. After a variable floating time (5 to 15 min) the flattened sections were picked up on carbon coated grids, washed with one drop of distilled water, carefully blotted and examined in a Philips 100 A electron microscope fitted with a 25 ,u objective aperture and used at an accelerating voltage of 60 kv.
Water washed residues of extracted spores and carbon replicas of whole spores made by the procedures described by Bradley and Williams (1957) were shadowed with tungsten oxide before being viewed in the electron microscope.
Methods of fixation, hydrolysis, and staining used for light microscopy are described in detail elsewhere (Robinow, 1951; Fitz-James 1955) .
RESULTS AND DISCUSSION
Electron microscopy of shadowed residues. Two types of membranes in various stages of disruption could be differentiated in shadowed residue material of these spores. It is interesting that the electron density of one of these layers, the remnants of the spore coat, varied with the phosphorus content of the residue. The phosphorus-rich remnants of spores of B. megaterium strain L (figure 1) were much thicker and more dense than those of strain KM (figure 2). These latter were devoid of phosphorus (Fitz-James and Young, 1959 spores revealed the origin of these plaques. Elevations divide the surface of the spore into hexagonal areas, the whole of which is apparently covered by a thin loose membrane (figure 4).
Thin-section electron microscopy of spores of strains of B. megaterium. More rewarding information regarding the differences in coat structure of these two types of spores was unearthed by thin sections. Robinow (1953) and Mayall and Robinow (1958) From studies of a number of more or less complete cuts, the outer coats of strains L and Penn appear to be applied to the spore in two halves which meet at an equatorial ridge like the hulls of a walnut (figures 5 and 6). The inner coats of strains L and Penn and the single coat of strain KM, on the other hand, encircled the cortex without any apparent major folds. The appearance of many cuts perpendicular to the equatorial ridge suggested that on one side of the spore the outer coat may be open (figure 6) or that the two halves are opposed but not continuous over part of the circumference (figure 10). The ridge on these two strains of B. megaterium is probably functionally similar to the equatorial groove on the surface of the "exine" or outer coat of the spores of Bacillus licheniformis observed in carbon replicas by Bradley and Williams (1957) and later shown by Franklin and Bradley (1957) , to result from a thinning of the coat.
Although it often becomes accentuated during the embedding process, the space between the outer and inner coats can be quite narrow. It and the space inside the equatorial ridge appear to contain a low density material distinguishable from the inner coat.
Perpendicular cuts of the spore coats of B. megaterium strain Penn showed a mottled appearance which did not at first suggest the interlace of strands seen in the spore coat residue (figure 3). Oblique or tangential cuts of this outer coat, however, revealed a continuous weave of low density strands, some 100A in width, lying in a background of high density material (figure 1la). Some details of the interlocking between the low density strands and the background substance could be detected in a more highly magnified image (figure llb).
Sections of Bacillus 350 spores revealed that its coat was single, yet made up of multiple layers. The outer layer of the coat was responsible for the ridging and the covering membrane seen in the replicas appeared to be attached to the peaks of the ridges ( figure 12) .
By applying the carbon replica technique of Bradley and Williams (1957) the equatorial ridge of the double coated spores could be readily demonstrated. The single coated spores on the other hand presented either a smooth surface or some nonspecific wrinkling (figure 13). In a few of the replicas of spores of the Penn strain, where the ridge was viewed "end on," a fine cleavage line could be detected, suggesting a joining of two halves as already indicated in the thin sections ( figure 14) .
Effect of acid hydrolysis on spores of different strains of B. megaterium. The differences in the composition and complexity of the coats encountered in the spores of different strains of B. megaterium were also reflected in differences of response to stains and hydrolysis by N HCI (60 C). Spores with the high content of residue-P in their coats, i. e., the double coated spores, took up considerable surface stain when exposed to crystal violet (figures 15 and 17). Those with the low residue phosphorus content, the single coated spores, were only faintly tinged (figure 16). 
CYTOLOGICAL COMPARISONS OF SPORES OF B. MEGATERIUM
During acid hydrolysis, resting spores burst and displace their nuclear body through the ruptured spore coat (Robinow, 1951; Bisset and Hale, 1951; Robinow, 1953; Fitz-James et al., 1954) . If it is presumed that the internal pressure rises as a result of an increase in osmotic pressure from the breakdown of spore material and that the major barrier to this pressure is the spore coat, then one should be able to demonstrate a difference in response to HCl hydrolysis, depending on the number of coats. In keeping with this, the chromatin of the double-coated spores (B. megaterium strains L and Penn) was seldom displaced beyond the outline of the spores but was held within the outer coat (figures 18 and 20) while that of the single-coated spores B. megaterium strain KM and Bacillus 350) was found expelled well beyond the cell outline (figures 19 and 21). Bisset and Hale (1951) likewise found different bacilli and clostridia to vary in the extent of their chromatin displacement following HCl hydrolysis, but did not relate their results to differences in spore structure. Hydrolysis with nitric acid-permanganate solutions (Robinow, 1951) did not show such a difference, the chromatin being well extruded in the spores of all four organisms.
SUMMARY
The alkali and acid insoluble residue phosphorus fraction of spores of Bacillus megaterium is composed largely of spore coats. Spores of strains that are rich in residue phosphorus possess two coats, the outer being more electron dense. Spores of a strain (KM) of B. megaterium devoid of phosphorus in its coat residues possessed a single coat similar to the inner coat of the other strains. Carbon replicas emphasized the differences in surface structure of these spores. The presence or absence of a second coat altered the degree of differentiation of resting spores of B. megaterium to acid hydrolysis.
Figures 1 to S. Shadowed electron micrographs of the residues of disrupted spores of Bacillus megaterium after N NaOH and hot trichloroacetic acid extraction (residue-P fraction). Water-washed, shadowed with tungsten oxide at an angle of 18 degrees. Figure 1 . The high phosphorus-containing residue coats of B. megaterium strain L. The preparation was composed of relatively dense coats and thinner membranes (X31,000). Figure 2 . The low phosphorus coat residue of B. megaterium strain KM was made up of low density membranes much like the thinner component seen in the strain L residues (X23,000). Figure S . The high phosphorus containing coat residues of B. megaterium strain Penn were, like those of strain L, composed of both dense and less dense membranes. The remnants of the dense coats have a woven appearance on one side and granular on the reverse (X23,000). The interlacing weave of the alkali and acid digested coats is shown in figure 3b at higher magnification (X44,000) . Figure 8 was cut on water-acetone (X53,000) and figure 9 onto lanthanum nitrate (X60,000). Figure 10 shows a detail of the equatorial ridge (X72,000). 
